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Símbolo Parámetro Unidades
A Área m2 
Cs Porcentaje de la velocidad crítica % 
D Diámetro de la muestra m 
F Tamaño de alimentación del 80% de la carga μm 
Fc Fuerza centrífuga esferas N 
Fi Fuerza resultante del elemento i-ésimo N 
Fmax 
Fuerza máxima en ensayo de compresión 
uniaxial 
N 
Fne Parte elástica de la fuerza de contacto normal N 
Fnd 
Parte viscoelástica de la fuerza de contacto 
normal 
N 
FTs 
Fuerza que retiene la fricción (que reduciría la 
velocidad tangencial a cero) 
N 
Ant
TF  Fuerza de fricción calculada en el tiempo t-Δt N 
Nuevo
TF  Fuerza de fricción calculada en el tiempo t N 
ed
TF
Pr  Fuerza de fricción predictora N 
Gc Peso de la esfera N 
I Momento de inercia 2·mkg  
K Constante en función del tipo de molino - 
M Diámetro máximo de los elementos moledores “ 
L Longitud de la muestra m 
P Fuerza máxima N 
R Radio del molino m 
S Peso específico del material a moler 3m
T
 
Ti Momento resultante del elemento i-ésimo mN ·  
Wi Constante “Work Index” - 
nn XXXX 21
0
2
0
1 ,,,  
Posiciones del centro de las partículas en el 
sistema de la coordenada global  
m 
c Cohesión - 
d Distancia entre los centros m 
g Constante de la gravedad 2s
m
 
 3 
ki 
Matriz de rigidez que tiene en cuenta el aporte 
de todas las partículas i 2m
N
 
m Masa kg 
n 
Vector unitario normal a la superficie de la 
partícula en el punto del contacto 
- 
r 
Longitud del vector que conecta el centro de 
masa de los puntos en contacto 
m  
rc1, rc2 
Vectores que conectan los centros de partícula 
con el punto de contacto 
m  
r1 Radio de la esfera en contacto 1 m  
r2 Radio de la esfera en contacto 2 m  
u 
Vector de desplazamiento del centroide del 
elemento en un sistema de coordenadas X 
m  
21 ,uu   
Velocidad de translación de las partículas en 
contacto s
m
 
v Velocidad lineal 
s
m
 
vrT 
Velocidad tangencial relativa al punto del 
contacto s
m
 
nn
21
0
2
0
1 ,,,   Matrices de rotacion (de cosenos directores)  Rad 
  Matriz de rotación incremental Rad 
nVrnVTVrVT  ,,,  Constantes de amortiguamiento - 
  Densidad microscópica del material 3m
kg
 
ε Deformación - 
  Vector de rotación incremental Rad 
i~  Matriz asimétrica  Rad 
λ Autovalores - 
μ Coeficiente de fricción de Coulomb - 
ξ Fracción del amortiguamiento crítico que 
corresponde a la frecuencia más alta 
- 
n  Esfuerzo normal 2m
N
 
t  Esfuerzo a tracción 2m
N
 
 4 
u  Esfuerzo normal en ensayo de compresión uniaxial 2m
N
 
  Esfuerzo cortante 2m
N
 
ω 
Velocidad angular del elemento respecto al 
sistema de referencia móvil x, con el elemento 
y el origen en el centro del mismo 
s
Rad
 
ωc Velocidad angular crítica s
Rad
 
ω j Frecuencias de vibraciones libres s
Rad
 
ω1, ω2 Velocidades de rotación de las partículas en contacto s
Rad
 
  Ángulo de rozamiento interno Rad 
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1 INTRODUCCIÓN 
En este anexo se muestran los planos de las geometrías usadas para realizar las 
distintas simulaciones. La relación de planos es la siguiente: 
Nombre Plano Nº Plano Rev
Silo 01 1 
Molino  02 1 
Disco cortante 03 1 
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1 INTRODUCCIÓN 
En este anexo se muestran las ventanas de cada paso de la primera versión del 
interfaz. Como ya se ha explicado anteriormente, se han habilitado cuatro casos 
distintos (silo, molino, corte de roca mediante disco y pica). No obstante, dentro 
de los casos de silo y molino se puede escoger la dimensión del problema (2D o 
3D). Entonces, resulta un total de seis casos distintos.  
La introducción de los datos del modelo para los casos de usuario novel se ha 
dividido en un total de catorce pasos, exceptuando el corte de roca mediante 
disco que tiene quince.  
Por otro lado, los pasos del silo en 2D y el molino en 2D son iguales (únicamente 
cambia la imagen lateral). Es por este motivo que solo se mostrará uno de los 
dos. Cuando la dimensión es 3D ocurre lo mismo entre estos dos casos, 
añadiéndole además el caso del corte de roca mediante pica.  
Para el caso del corte de roca mediante disco, como ya se ha comentado más 
arriba, solo tiene un cambio respecto al resto de modelos en 3D. Este cambio es 
el paso de “Concentrated Mass” debido a la rotación del disco provocada al 
contactar este con la roca. 
Por lo tanto, se van a mostrar las ventanas del interfaz con el usuario del 
programa DEMPack v1.0 para los siguientes casos: 
 Silo en 2D 
 Molino en 3D 
 Corte de roca mediante pica 
 Corte de roca mediante disco 
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2 SILO – 2D 
 
  
Figura 1. Silo 2D - Paso 1: Create 
Geometry 
Figura 3. Silo 2D - Paso 2: Problem Data 
(2) 
  
Figura 2. Silo 2D - Paso 2: Problem Data 
(1) 
Figura 4. Silo 2D - Paso 3: Assign 
Layers 
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Figura 5. Silo 2D - Paso 4: Assign Mesh 
Element Types 
 
Figura 6. Silo 2D - Paso 5: Curve 
Definition 
 
Figura 7. Silo 2D - Paso 6: Mesh 
Properties 
 
Figura 8. Silo 2D - Paso 7: Assign 
Materials 
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Figura 9. Silo 2D - Paso 8: Assign 
Kinematics (1) 
 
Figura 10. Silo 2D - Paso 8: Assign 
Kinematics (2) 
 
Figura 11. Silo 2D - Paso 8: Assign 
Kinematics (3) 
 
Figura 12. Silo 2D - Paso 8: Assign 
Kinematics (4) 
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Figura 13. Silo 2D - Paso  9: Assign 
Contacts 
 
Figura 14. Silo 2D - Paso 10: Loads (1) 
 
Figura 15. Silo 2D - Paso 10: Loads (2) 
 
 
Figura 16. Silo 2D - Paso 11: Damping 
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Figura 17. Silo 2D - Paso 12: Mesh 
Generation 
Figura 19. Silo 2D - Paso 13: Output (2) 
 
  
Figura 18. Silo 2D - Paso 13: Output (1) Figura 20. Silo 2D - Paso 13: Output (3)
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Figura 21. Silo 2D - Paso 14: Calculate 
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3 MILL – 3D 
En este apartado solo se mostraran aquellas ventanas en que exista alguna 
diferencia respecto a las ventanas mostradas en el mismo paso del caso 2.Silo – 
2D. 
 
Figura 22. Mill 3D - Paso 1: Create 
Geometry 
 
Figura 23. Mill 3D - Paso 2: Problem 
Data 
 
Figura 24. Mill 3D - Paso 4: Assign Mesh 
Element Type 
 
Figura 25. Mill 3D - Paso 8: Assign 
Kinematics (1) 
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Figura 26. Mill 3D - Paso 8: Assign 
Kinematics (2) 
 
Figura 27. Mill 3D - Paso 8: Assign 
Kinematics (3) 
 
 
Figura 28. Mill 3D - Paso 10: Loads 
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4 ROCK CUTTING PICK – 3D  
Los pasos para informar un caso de corte de roca mediante pica son los mismos 
que se pueden usar tanto para la simulación del molino en 3D o el propio silo en 
3D. Es por este motivo que solo se muestra la ventana de uno de los casos con 
el objetivo principal de mostrar la imagen lateral correspondiente a este caso. 
 
Figura 29. RCP 3D - Paso 4: Assign Mesh Element Types 
 
 21 
5 ROCK CUTTING DISC – 3D 
Para este caso, la única diferencia el paso de asignación de masas 
concentradas. Mediante esto, se pretende asignar al disco modelado en la 
simulación la masa y la inercia que le corresponde al disco real. Esto es debido a 
que para simular se simplifican las partes del disco que no tienen interacción con 
la roca para reducir los tiempos de calculo. 
No obstante, como se puede ver en las imágenes y tal y como se ha explicado 
en el Capitulo 4 – Desarrollo del interfaz especifico, el número del paso a partir 
del “Concentrated Mass” varía con respecto a los mostrados en los casos 
anteriores.  
  
Figura 30. RCD 3D - Paso 11: 
Concentrated Mass 
Figura 31. RCD 3D - Paso 12: Damping 
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Figura 32. RCD 3D - Paso 13: Mesh 
Generation 
 
Figura 33. RCD 3D - Paso 14: Output 
 
Figura 34. RCD 3D - Paso 15: Calculate 
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1 INTRODUCCIÓN 
En este anexo se muestra una descripción detallada de todos los parámetros que pueden 
ser útiles a nivel de usuario beta avanzado para obtener el mayor rendimiento al 
programa DEMPack v1.0. 
Este documento no es un tutorial paso a paso como los mostrados en el Capítulo 6 – 
Tutoriales DEMPack v1.0. Pues este documento no estará al alcance del usuario final, 
mientras los tutoriales sí. Como se ha comentado anteriormente, este manual es muy útil 
para usuarios beta con capacidad para modificar el archivo de datos, hecho que en 
principio no deberían ser capaces de realizar usuarios noveles del programa. 
Debido a que este material forma parte de la documentación del manual, esta ha sido 
realizada en inglés.  
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2 HEADING AND CONTROL PARAMETERS DEFINITION 
At the beginning of the calculation file is compulsory to create a new strategy. After this, 
the user can select a title for the calculation to recognize better the different calculus.  
 
After the new strategy creation, the Control parameters must be defined: 
 
 
2.1 Definition of the Control parameters: 
 NDIME: This variable defines the problem dimension 
o 2D 
o 3D 
 NDOFN: Number of degree of freedom. 
o 2D: 2 or 3 DOF 
o 3D: 3 or 6 DOF 
 NEULER: Nodal system code 
o 0: Desactivation of rotational DOF´s 
o 1: Activation of rotational DOF´s. By this way the tangential contact forces 
between rigid particles of DEM model can be taken into account 
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 LAXMOV: Local axes moving code 
o YES: When the spheres gets moved or excited 
o NO: When the container box gets moved. Recommended use always 
 
2.2 Definition of the Time parameters: 
 ENDTM: End time. Time necessary to develop the simulation or the experiment 
 DTUSER: Time increment. If DTUSER=0 then the time increment is autocalculated 
 DTSCAL: Scale factor for the program calculated time step 
 MSCALE: Mass scale factor. The inertial conditions can be scaled to increase the 
critic time step. It can only be used in the quasi-static problems. In the dynamic 
problems the MSCALE should not be used 
 
2.3 Definition of the Output parameters: 
 POINT: Output or results print control for the nodes 
 DOF: Output or results print control for the degree of freedom. This is used to 
indicate which point displacement component must be taken to control the output 
interval 
 TOUTD: Time intervals to write the selected results in the time domain. Time step 
to create a graphic file 
 TOUTP: Time intervals to write a complete output results. Time step to create the 
postprocess file 
 IWRIT: Output print code. The data of the input file are written in a “Name.rsn” 
output file 
o 0: No 
o 1: Yes 
 IENER: Energy calculation. This variable is used to supervise the total kinetic 
energy calculation 
o YES 
o NO 
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3 CURVE DEFINITION 
There are different curve types, the user can use one function in more than one occasion, 
or the user can create two different curves even being of the same type.  
The curves set definition parameters are: 
 
The general parameters are: 
 NLCUR: Number of defined curves. The time curves are used for consecutive 
scales of loads and prescribed velocities (both are multiparameters), for instance 
follower loads (variables of one parameter) 
 DEFINITION: Number or identifier of the curve 
 LTYPE: Curve type taking into account the corresponding code 
For all the curves the value will be 0.00 if t<t0 or if t>tend. 
There are some variables with a predefined value in order to simplify the input. All the 
curves have an output and a final or extreme value.  
In DEMPack models, the most used curve type is 3 (see 3.3). In this case, the initial value 
is TIME of the first pair and the final or extreme value is the TIME of the last pair.  
 
3.1 LTYPE = 1 
Constant function:  
AtF )(  for t0 < t < tend (1) 
The parameters are: 
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 START: Initial time (t0) 
 END: End time (tend) 
 CONST: Value of the function (A) 
 
3.2 LTYPE = 2 
Sinusoidal function:  
))·(·sin()( 0   ttBAtF  (2) 
The parameters are: 
 
 START: Initial time (t0) 
 END: End time (tend) 
 AMPLI: Amplitude (B) 
 FREQ: Angular frequency (ω) 
 PHASE: Initial phase (φ) 
 CONST: Medium value (A) 
 
3.3 LTYPE = 3 
Function defined by m discrete values. Its value is zero when t<t1or t>tm. 
The parameters are: 
 
 NUMPTS: Number of pairs of points 
 TIME: Time instant (ti) 
 VALUE: Value of the function f(t) in the time instant ti 
Note: 
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The command line (TIME, VALUE) has to be repeated for each pair of points defined in 
NUMPTS. The commands (TIME, VALUE) will be employed indistinctly depending on the 
case.  
 
3.4 LTYPE = 4 
))·(·cos(5,05,0·()( 0ttBtF   if 0tt   (3) 
The parameters are: 
 
 START: Initial time (t0) 
 END: End time (tend) 
 AMPLI: Amplitude (B) 
 FREQ: Angular frequency (ω) 
 
3.5 LTYPE = 5 
))·(·cos(5,05,0·()( 0ttBtF   if   )·( 0tt  (4) 
The parameters are: 
 
 START: Initial time (t0) 
 END: End time (tend) 
 AMPLI: Amplitude (B) 
 FREQ: Angular frequency (ω) 
 
3.6 LTYPE = 6 
))·(·cos(5,05,0·()( 0ttBtF    
if   )·( 0tt  or   )·( 0ttSTOP  
(5) 
BtF )( when   )·( 0tt  
The parameters are: 
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 START: Initial time (t0) 
 END: End time (tend) 
 AMPLI: Amplitude (B) 
 FREQ: Circular frequency (ω) 
 TSTOP: Stop time (tSTOP) 
 
3.7 LTYPE = 7 

)·(
)( c
ttA
tF
  if t<tc (6) 
AtF )( when , being tctt  c the critic time. 
The parameters are: 
 
 
3.8 LTYPE = 8 
))·(·cos()( 0ttBAtF    (7) 
The parameters are: 
 
 
3.9 LTYPE = 9 







 

  
 )·(·2
cos1·1·)( 0
ttBAtF  if  00 ttt ; 
else AtF )(  
(8) 
The parameters are: 
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3.10 LTYPE = 10 


  
)(
1·)( 0
ttAtF  if  00 ttt ; 
else 0)( tF  
(9) 
The parameters are: 
 
 
3.11 LTYPE = 11 
ArgbAtF ··2)(   if 5,0Arg  (10) 
)1·(·2)( ArgbAtF   if  5,0Arg (11) 


  1,)( 0
ttMODULEArg   (12) 
Where MODULE is a Fortran function that for this case [MODULE (a,1)] gives the rest of 

)( 0tt  . 
The parameters are: 
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4 GEOMETRY DEFINITION 
In this set, the different geometries of the model are defined.  
 
The geometry set variables definition is: 
 GSCALE: Coordinates scale factor  
 NRADS: Coordinates system type 
o 0: Cartesian 
o 1: Cylindrical 
o 2: Spherical 
 Column 1 (###): Label or identifier number of the spheres or the walls 
 Column 2 (###.##): X coordinate of the reference Cartesian system. For the other 
reference systems (spherical and cylindrical) is the radius (r) 
 Column 3 (###.##):Y coordinate of the reference Cartesian system. For the other 
reference systems (spherical and cylindrical) is the angle (θ) 
 Column 4 (###.##):Z coordinate of the reference Cartesian system and cylindrical. 
For the other reference systems (spherical) is the angle (φ) 
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 Column 5 (###.##): The first Euler angle denoted by Alpha (α). Alpha (α) is used 
to rotate the reference system XYZ in clockwise sense around Z axis to obtain the 
new system X’’, Y’’ and Z’’ 
 Column 6 (###.##): The second Euler angle denoted by Beta (β). Beta (β) is used 
to rotate the reference system X’’, Y’’ and Z’’ in clockwise sense around X’’ axis to 
obtain the new system X’, Y’ and Z’ 
 Column 7 (###.##): The third Euler angle denoted by Gamma (γ). Gamma (γ) is 
used to rotate the reference system X’, Y’ and Z’ in clockwise sense around Z’’ 
axis to obtain the new local or nodal system X, Y and Z 
An enlightening example of the geometry definition is shown below: 
 
The number next to the set definition is the total number of nodes belonging to the set. 
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5 MATERIAL PROPERTIES DEFINITION 
In this set both the granular material properties and tools properties must be defined. 
There are seven DEM materials, one FEM material and one DEM-RIGID material.  
Apart from defining the material properties, it has to be defined the section. The section 
links the material properties defined with the type of element. This is useful for working 
with shell elements.  
 
 MATNO: Material number, label or identifier. It goes from 1 to n 
 MATYPE: Type of material 
o 11: DEM material 
o 3: FEM material 
 SUBMODEL: Type of material inside the DEM materials group 
o 50: Linear Elastic model 
o 55: Linear Elastic Brittle model 
o 56: Linear Elastic Brittle Rolling model 
o 53: Linear Elastic Plastic model  
o 57: Linear Elastic Softening model 
o 59: NonLinear Hertz-Mindlin model 
o 54: NonLinear Elasto-Plastic model 
 SECNO: Number of section 
 SEC_TYPE: Type of section 
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o INTRF: Section type for DEM materials 
o SOLID: Section type for FEM materials 
The material definition specific parameters will be explained in 5.1: 
 
5.1 DEM materials 
The available models are: 
 Linear Elastic 
 Linear Elastic Brittle 
 Linear Elastic Brittle Rolling 
 Linear Elastic Plastic 
 Linear Elastic Softening 
 NonLinear Hertz-Mindlin 
 NonLinear Elasto-Plastic 
Each material has different properties that will be explained in the next paragraphs. Some 
of them are the same and will be used in different models.  
 
5.1.1 Linear Elastic 
The data file definition is: 
 
The Linear Elastic variables are: 
 DENSI: Density of the material in Kg/m3. This value can be scaled by 1000 to 
reduce the CPU time but in calculus with own weight 
 COULOMB: Coulomb friction coefficient  
 NSTIFC: Elastic stiffness in normal direction for a compression state in N/m2 
 TSTIF: Tangential elastic stiffness in N/m2 
 DAMPIN: Damping coefficient between spheres. This is a part of critical.  
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5.1.2 Linear Elastic Brittle 
The data file definition is: 
 
The Linear Elastic Brittle new variables are: 
 NSTIFT: Elastic stiffness in normal direction for a tensile state in N/m2 (Optional – 
If cohesion is defined) 
 TSTREN: Maximum tangential effort to consider contact between two spheres 
(Optional – If cohesion is defined) 
 NSTREN: Maximum normal effort to consider contact between two spheres 
(Optional – If cohesion is defined) 
 
5.1.3 Linear Elastic Brittle Rolling 
The data file definition is: 
 
The Linear Elastic Brittle Rolling new variables are: 
 ROLLFR: Rolling friction (Optional – If rolling is defined) 
 MRSTIF: Rolling stiffness N/m2 (Optional – If rolling is defined) 
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5.1.4 Linear Elastic Plastic 
The data file definition is: 
 
The Linear Elastic Plastic new variables are: 
 RCOULO: Residual friction  
 UPMAX: Maximum plastic displacement  
 
5.1.5 Linear Elastic Softening 
The data file definition is: 
 
The Linear Elastic Plastic new variables are: 
 SOFTMO: Softening modulus  
 
5.1.6 NonLinear Hertz-Mindlin 
The data file definition is: 
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The Linear Elastic Plastic new variables are: 
 POISS: Poisson ratio  
 
5.1.7 NonLinear Elasto-Plastic 
The data file definition is: 
 
The Linear Elastic Plastic new variables are: 
 SUBTYP: Shear function type 
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o 1: 1P 
o 2: 2H 
 NU: Coulomb friction 
 EH: Normal compression stiffness 
 ES: Normal tensile stiffness 
 KS: Tangential stiffness  
 A: Tensile strength 
 B: Compression strength 
 BRES: Compression residual strength 
 GNC: Critical penetration 
 ETA: Shear strength factor 
 GNMAX: Maximum normal gap 
 GTMAX: Maximum relative tangential gap 
 B1T: Plasticity tension factor B1 
 B2T: Plasticity tension factor B2 
 B3T: Plasticity tension factor B3 
 B1C: Plasticity compression factor B1 
 B2C: Plasticity compression factor B2 
 B3C: Plasticity compression factor B3 
 B1S: Plasticity shear factor B1 
 B2S: Plasticity shear factor B2 
 B3S: Plasticity shear factor B3 
 C: Plasticity shear factor C 
 EXP: Function exponent (Only if Shear function type 2H is selected) 
 M: Shear modulus parameter 1 (Only if Shear function type 2H is selected) 
 R: Shear modulus parameter 2 (Only if Shear function type 2H is selected) 
 
5.2 FEM materials 
There is only one type of FEM materials. This material is called Elasto-Plastic and the 
properties are shown below. 
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5.2.1 Elasto-Plastic 
  
The Elasto-Plastic material variables are: 
 YOUNG: Young modulus 
 POISS: Poisson coefficient 
 DENS: Density of the material 
 UNIAX: Initial yield stress  
 HARDS: Linear isotropic hardening parameter 
 ELA_PLASTIC: Material is elastio-plastic 
 MISES: Yield function is Von Mises 
 IHLINE: Hardening is linear and isotropic 
The Elasto-Plastic section variables are: 
 THICK: Thickness of the shell in 3D cases 
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6 ELEMENT SETS DEFINITION 
There are some different variables depending on the problem dimension and the element 
type. The general variables are: 
 
 ELS_NAME: Name of the elements set 
 ELM_TYPE: Element type. Its string varies in function of the element type 
o DISTINCT: Element type for DEM elements 
o QUAD4: Element type for FEM elements in 2D 
o SOLID: Element type for FEM elements in 3D (tetrahedral) 
6.1 2 Dimensions 
An example of the element sets definition in 2D is shown: 
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The variables for the DISTINCT element type are: 
 CTOL: Contact tolerance. Minimum distance to consider contact between two 
spheres in the search system in the potential contacts. This parameter has a high 
influence in the computational efficiency.  
If this value is too small there are too much global search and contact elements in 
the list. If this value is too big, then the potential contact list is too long. This, bring 
out the contact check to be big and inefficient. Therefore, an optimum value must 
be found as a fragment of sphere medium radius. 
In the structure of the distinct elements data base (spheres) and in the contact 
between spheres search algorithm computational implementation done in each 
time step, the contact is checked verifying the conditions of the contact/separation 
for each pair of spheres that forms the entities of the contact in the units of 
contacts global list. When the global contact units list is made, it has to take into 
account the spheres in contact and the potential ones. There is the possibility of 
entering new spheres in contact; in this case, the new pairs of spheres (the 
potential) will be enclosed in the list at that moment.  
The contacts list is updated every certain time interval. It is determined by de 
component of maximum displacement of any sphere accumulating the time of the 
last contact search 
B
d
Nn
ni
n
iuu
,1
,1
)(
max )max(

  (13) 
Where nd is the problem dimension and NB is the number of spheres. 
If the displacement of any sphere along any axis is greater than CTOL 
( ), then the contact search is made and the contact list updated.  CTOLu max
New potential contacts are added to the list if the separation between two spheres 
is less than: 
o CTOL·2·2  in bidimensional problems 
o CTOL·3·2  in tridimensional problems 
By the same way, if the distance between two spheres is greater than the 
mentioned above, the contact pair is deleted from the list.  
The CTOL distance is defined in the modelling and it has a big influence in the 
analysis effectiveness and efficiency. The larger CTOL parameter is the harder 
and the more complex will be the search and global contact verification. Moreover, 
the larger CTOL parameter is the more spending time in the potential contacts list 
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actualization, making it larger. The larger the list is the more computational time 
will spend in each time step to verify the contact checkout.  
The normal value of CTOL is between 0,1 to 0,5 times the mean radius of the 
spheres.  
rCTOL ·5,01,0   (14) 
 RISCAL: Rotational inertia scale factor. This parameter is used to increase the 
rotational inertia of the balls. This allows increasing a little bit the rotational inertia 
without changing a lot the global movement (the rotational movement seems not to 
be so important because the kinetic energy in the translation movement is greater 
than the rotational kinetic energy).  
This allows to use the critic time defined in the lineal vibrations (for translation 
movements) formula which is higher than the critic time for the rotational vibrations 
with the actual rotational inertia 
 CYLINDERS: This parameter is written only if we are working in plane strain state 
(2D) 
 Column 1 (###): Label that identifies the distinct elements (cylinder in 2D and 
sphere in 3D) 
 Column 2 (###): Label that identifies the section number (SECNO) 
 Column 3 (###.##): Radius of the cylinder (2D) or the sphere (3D) – (One can try 
determining diameters whose random law has the density variation coefficient 
corresponding to the material) 
The variables for the QUAD4 element type are: 
 NELEM: Number of elements 
 NNODE: Number of nodes per element 
o 3 
o 4 
 NTYPE: Type of problem for 2D problems 
o 1: for plane stress 
o 2: for plane strain 
o 3: for axisymmetric case 
 NREQS: Number of Gauss point selected for stress time history output (at the time 
intervals of TOUTD). It must be 0 or any number not greater than NGAUS x 
NELEM where NGAUS = 4 for NNODE = 4 and NGAUS = 1 for NNODE = 3 
 Column 1 (###): Label that identifies the QUAD4 finite elements  
 Column 2 (###): Label that identifies the section number (SECNO) 
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 Column 3 (###): Label that identifies the first node of the element connectivity 
 Column 4 (###): Label that identifies the second node of the element connectivity 
 Column 5 (###): Label that identifies the third node of the element connectivity 
6.2 3 Dimensions 
An example of the element sets definition in 3D is shown: 
 
The new variables for the DISTINCT element type are: 
 SPHERE: This parameter is written only if we are working in 3D 
 DELETE: This parameter deletes the spheres that lose the cohesion. Is only 
recommended in tunnelling simulations 
The variables for the SOLID element type are: 
 NELEM: Name of the elements set 
 NNODE: Number of nodes per element 
o 4 
o 8 
 NREQS Number of Gauss point selected for stress time history output (at the time 
intervals of TOUTD). It must be 0 or any number not greater than NGAUS x 
NELEM where NGAUS = 8 for NNODE = 8 and NGAUS = 1 for NNODE = 4 
 Column 1 (###): Label that identifies the SOLID finite elements  
 Column 2 (###): Label that identifies the section number (SECNO) 
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 Column 3 (###): Label that identifies the first node of the element connectivity 
 Column 4 (###): Label that identifies the second node of the element connectivity 
 Column 5 (###): Label that identifies the third node of the element connectivity 
 Column 6 (###): Label that identifies the fourth node of the element connectivity 
 Column 7 (###): Label that identifies the fifth node of the element connectivity 
 Column 8 (###): Label that identifies the sixth node of the element connectivity 
 Column 9 (###): Label that identifies the seventh node of the element connectivity 
 Column 10 (###): Label that identifies the eighth node of the element connectivity 
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7 KINEMATICS CONDITIONS 
In the discrete elements modelling defined by spheres the kinematics conditions more 
used are the displacement and prescribed velocities.  
All the conditions shown separately in this paragraph can be used together.  
7.1 Displacement conditions in one direction (master – slave) 
This set module is used to establish a lineal displacements relationship of a master 
element (node of the sphere or wall) with various slave elements (nodes of the spheres or 
wall). This is used to link the displacement in a determined direction (X, Y or Z) of the 
master node with regard to various slave nodes.  
 
Definition of the kinematics condition set: 
 ADD: This parameter is used to add kinematics conditions of the strategy before. 
This is not a compulsory parameter 
 CONNOD: Number of slave node whose component is restricted 
 CONDOF: Degree of freedom of the restricted displacement component 
o 0: The node is not restricted 
o 1: The node is restricted 
 INDNOD: Number of master node with independent displacement component 
 INDDOF: Degree of freedom of the independent displacement component 
 FACTOR: Multiplier factor used to scale the independent displacement component 
 
7.2 Displacement conditions in all directions (master – slave) 
This set module establishes a rigid link between two nodes (master and slave). In this 
case, all the degrees of freedom of the slave node are dominated and controlled by the 
master node. This module is similar to the shown in 7.1 but the relation is established in 
all degrees of freedom. The translation and rotation dependences between a slave and a 
master node are set as a kinematics relation of a rigid body. The rotation of the master 
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and the slave node is the same. This restriction can be used when the nodes are 
coincident.  
 
Definition of the kinematics variables set: 
 SLAVE: Number or identifier of the slave node 
 MASTER: Number or identifier of the master node 
 
7.3 Displacement conditions in all directions of two master nodes with one slave 
node (2 master – 1 slave)  
In this case, a displacement relationship between a slave node with two master nodes is 
defined. As shown in 7.2, the master nodes impose their displacements (translation and 
rotation) to the slave node.  
 
Definition of the kinematics variables set: 
 SLAVE: Number or identifier of the slave node 
 MASTER01: Number or identifier of the master node 1 
 MASTER02: Number or identifier of the master node 2 
 
7.4 Displacement conditions 
This set restricts the displacements in the desired degrees of freedom. In 2D there are 
only 3 degrees of freedom available (displacements in X and Y and rotation around in Z).  
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Definition of the kinematics variables set – boundary conditions: 
 Column 1 (###): Label that identifies the spheres centroids or the wall nodes  
 Column 2 (###): X axis displacement restriction. Refers to global X axis 
o 1: Restricted 
o 0: free 
 Column 3 (###): Y axis displacement restriction. Refers to global Y axis 
o 1: Restricted 
o 0: free 
 Column 4 (###): Z axis displacement restriction. Refers to global Z axis 
o 1: Restricted 
o 0: free 
 Column 5 (###): Rotation around X axis restriction 
o 1: Restricted 
o 0: free 
 Column 6 (###): Rotation around Y axis restriction 
o 1: Restricted 
o 0: free 
 Column 7 (###): Rotation around Z axis restriction 
o 1: Restricted 
o 0: free 
 
7.5 Prescribed velocities condition 
This set module defines a prescribed velocity assigned to nodes. In 2D there are only 3 
degrees of freedom available (velocities in X and Y and rotation velocity around Z axis). 
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Definition of the kinematics variables set – prescribed velocities: 
 USE_FUNCTION: This parameter identifies which function (defined previously in 
3. Curve definition) the velocities regime will be applied with. This variable is 
strong linked with the DEFINITION of the Curve definition set. 
 Column 1 (###): Label that identifies the spheres centroids or the wall nodes  
 Column 2 (###.##): Lineal velocity in X axis  
 Column 3 (###.##): Lineal velocity in Y axis 
 Column 4 (###.##): Lineal velocity in Z axis 
 Column 5 (###.##): Rotation velocity in X axis 
 Column 6 (###.##): Rotation velocity in Y axis 
 Column 7 (###.##): Rotation velocity in Z axis  
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8 CONCENTRATED MASS 
The nodal points can be specified in any desired order. Concentrated masses must be 
input for NDOFN degrees of freedom only. In a new strategy, concentrated masses from 
the previous strategy are kept if either the above subset is not given or is given with the 
keyword ADD. In the latter case new concentrated masses can be added. If the 
concentrated masses are repeated for a certain node, the masses are summed (this can 
happen either for the combined data from more than one strategy or for the data input in 
one strategy if the data for some node are repeated). 
 
Definition of the concentrated mass condition set: 
 Column 1 (###): Label that identifies the set number or the global nodal point 
number 
 Column 2 (###.##):Concentrated mass associated with X axis 
 Column 3 (###.##):Concentrated mass associated with Y axis 
 Column 4 (###.##):Concentrated mass associated with Z axis 
 Column 5 (###.##):Inertia associated with YZ plane 
 Column 6 (###.##):Inertia associated with ZX plane 
 Column 7 (###.##):Inertia associated with XY plane 
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9 NODAL TIME HISTORY DATA 
The history behaviour evolution (in a given node) of a variable in the interval time (time 
step) specified by the variable TOUTD (see 2.3) is performed.  
 
The variable definition of the Nodal time history data is: 
 ###: Node identifier whose historic results are obtained 
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10 INITIAL CONDITIONS 
Initial conditions are applied through this set. 
 
Initial conditions set variables definition: 
 Column 1 (SET): Indicates that the initial condition is applied to all the set (see 4) 
 Column 2 (###): SET identifier or nodes (spheres centroids) that the initial 
conditions (velocity or displacement) will be imposed 
 Column 3 (###.##): Initial displacement or velocity in X axis 
 Column 4 (###.##): Initial displacement or velocity in Y axis 
 Column 5 (###.##): Initial displacement or velocity in Z axis 
 Column 6 (###.##): Initial angular velocity around X axis 
 Column 7 (###.##): Initial angular velocity around Y axis 
 Column 8 (###.##): Initial angular velocity around Z axis 
 
 
55 
 ADHESION: Keyword that means that spheres are stuck on; ergo there is 
cohesion between them. This property is assumed for a determined SET of 
spheres. When no adhesion exists, this keyword is not written in the code.  
 BETA: Describes the connexion state between spheres. It is closely related with 
the cohesion 
o 0: There is no cohesion or it is broken 
o 1: Complete connexion 
 GAP = SAVE: This value of the parameter implies to save the penetrations/gaps at 
the moment of imposing the connexions. Is useful to avoid tensions due to the 
connexion tolerance (the spheres are always penetrated or separated) 
 GAPMAX: Is the tolerance to consider two spheres connected or not, then is the 
maximum gap between spheres to consider cohesive connexion 
The block corresponding to LOCALS and END_LOCALS is the function that reinitializes to 
zero the director cosines matrices only if Euler angles are used (see 4). 
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11 DAMPING DATA 
The energy given to the system (spheres) is dissipated through the frictional sliding. 
However the frictional sliding can be desactivated in a model, or being activated, it can not 
be enough to become a stable solution in a reasonable number of cycles. The non-
viscous local damping available in the software dispels efficiently the damping energy 
through the movement equations. The non-viscous local damping is controlled defining a 
constant damping for each particle or sphere.  
 
11.1 Viscous damping 
The damping is proportional to the applied velocity: 
ii
d
i vCF ·  (15) 
Equation (15) is valid when amplitude and frequency are used. In this case, the Fid is the 
nodal damping force, vi the nodal velocity and Ci is the damping coefficient (see (16)). 
ii MC ··2   (16) 
Where Mi is the concentrated mass and β is the damping coefficient obtained as the sum 
of the SET i nodes damping coefficients. 

n
i  (17) 
Being n the damping number of the SET. 
The umpteenth SET damping coefficient is calculated by the formula: 




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n ft
100·ln1  (18) 
Where is the percentage of the damped vibration amplitude (A) regarding to free 
vibration amplitude (A
pf
0) after a certain time tr: 
100·
0A
Af p   (19) 
In summary, the viscous damping calculation can be expressed as: 
ii
VTdamp
i umF ·  (20) 
ii
Vrdamp
i IT  ··  (21) 
The data file definition is shown below: 
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Damping data variables definition: 
 DTYPE : Damping type 
o 1: Viscous damping 
 AMPLI: Global damping amplitude of all the system 
 FREQ: Global damping frequency of all the system 
 FROM ### TO ### STEP 1: Repetitive process (FREQ, AMPLI, ALPHA or BETA). 
In this case the step is 1. ### is the identifier or the label (initial and final 
respectively) of the spheres centroids (see paragraph 4) 
 SET ###: Indicates that the damping condition is applied to all the set called ### 
(see 4) 
 ###: If this value is isolate from FREQ, AMPLI, ALPHA or BETA then the value is 
the label of the spheres centroids whose preceding property is assigned 
 
11.2 Non-viscous damping 
The non-viscous local damping is similar to the developed by [1]. A damping force term 
can be included in the movement equations formulation given by the expressions: 
)·( iii gxmF      Translation equation (22) 
3
2
3 )···(·  RmIM i            Rotation equation (23) 
Where the   value varies in function of the distinct element type: 
 4,0  for spheres (3D) 
 5,0  for circles (2D) 
Then, the equations (22) and (23) can be written as: 
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d
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Where Fi, Mi and Ai are the generalized force, the mass and the component of 
acceleration respectively. The term Fi includes the gravity and Fid includes the damping 
force.  
The damping force in the non-viscous case is: 
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What physically implies: 
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Expressing in velocity general terms: 
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 (29) 
In non-viscous case the damping force is controlled by the damping constant (α). 
In summary, the non-viscous damping calculation can be expressed as: 
i
i
i
nVTdamp
i u
uFF

··  (30) 
i
i
i
nVrdamp
i TT 
 ··  (31) 
The data file definition is shown below: 
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Damping data variables definition: 
 DTYPE : Damping type 
o 2: Non-viscous damping  
 ALPHA: Damping constant for the degrees of freedom. Damping coefficient for the 
velocities 
 FROM ### TO ### STEP 1: Repetitive process (FREQ, AMPLI, ALPHA or BETA). 
In this case the step is 1. ### is the identifier or the label (initial and final 
respectively) of the spheres centroids (see paragraph 4) 
 SET ###: Indicates that the damping condition is applied to all the set called ### 
(see 4) 
 ###: If this value is isolate from FREQ, AMPLI, ALPHA or BETA then the value is 
the label of the spheres centroids whose preceding property is assigned 
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12 CONTACT DATA 
The contact data is divided in three groups: 
 The pair information 
 Slave surface definition. Definition of contact between spheres 
 Surface definition. Definition of contact between the elements of the walls 
The third group is compulsory only if rigid walls are defined in the model. 
A general data file can be: 
 
The general variable is: 
 NCONT: Contact type (for modelling with spheres) 
o 5: If problem is 3D 
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o 6: If problem is 2D 
 
12.1 Pair information 
 
The variables of pair information are: 
 IPAIR: Label of contact pair 
 SLAVE: It is the name of the slave surface. In this case are always the spheres (in 
this case are the slave nodes). The name must agree with the spheres SET (see 
paragraph 4). It is important to write THICK below, which means that in the contact 
is considered the radius or thickness assigned to the slave nodes 
 MASTER: It is the name of master surface (walls in this case) that will be defined 
in the third group of this SET 
 FIXE: It is a keyword used below MASTER code. Its function is to identify a wall as 
fixed, in other words, it does not move. The use of this keyword save 
computational and solver operations time. This is a optional keyword, but is 
recommended its use due to the time saving 
 ITHIC: Geometric consideration of the sphere diameter in the modelling process 
o 1: The sphere diameter is considered 
o 0: The sphere diameter is not considered 
 STATIC: Static friction coefficient (between the spheres and the walls) 
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 KINET: Dynamic friction coefficient (between the spheres and the walls) 
 ELPLAS: Implies that a friction elastoplastic model between spheres and between 
spheres-walls is used 
 NPENAL: Wall contact stiffness in normal direction (penalty coefficient) 
 TPENAL: Wall contact stiffness in tangential direction (penalty coefficient) 
 DAMPIN: Damping coefficient between walls and spheres. Fraction of critic 
damping. It is the value of the critic damping that separates the oscillatory solution 
of the non-oscillatory one 
 DSAFE: Contact tolerance between wall and spheres. It is the factor by which the 
minimum radius is multiplied to obtain the limit separation to put in the potential 
contacts pairs list a sphere and master segment. It is the minimum distance to 
consider that the wall and the sphere can be in contact into the global search of 
the potential contacts.  
This parameter has high influence in the computational efficiency. If it is too small, 
there will be too much global search and contacts list between walls and spheres. 
On the other hand, if DSAFE is too large, then the potential contacts list is too 
long, what makes the contacts checkout large and inefficient at each step. 
 START: Time to begin the contact analysis 
 END: Time to stop the contact analysis 
 XMAX, XMIN, YMAX, YMIN, ZMAX, ZMIN: Imaginary zone used to delimit the 
model work. The calculus are not saved if there are a lot of nodes that worked out 
of this box 
 
12.2 Slave surface definition 
 
The variables of slave surface definition are: 
 ISURF: Name of the surface (name of the spheres) 
 NCNOD: The definition of the slave surface (the spheres) is given by a list of 
nodes 
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o 1: Yes 
o 0: In the case of walls 
 NCOND:  
 WRITE: Keyword used to select if the surface is saved for postprocess 
o 1: Yes 
o 0: No 
 
12.3 Surface definition 
 
The variables of surface definition are: 
 ISURF: Name of the surface (name of the spheres) 
 WRITE: Keyword used to select if the surface is saved for postprocess 
o 1: Yes 
o 0: No 
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13 LOAD DATA DEFINITION 
 
In load data definition there are basically three types of blocks: 
 Delete previous load data 
 Gravity 
 Punctual loads 
The first block indicate that the previous strategies loads of the ### sets will be erased. 
The variables of load data set are: 
 LOAD_SET (###): Name of the set (in DELETE_SETS: whose previous loads will 
be erased for the current strategy) 
 USEFUN: It specifies the function number (see 3) 
 FACTOR: Scale factor of the corresponding function 
 TITLE: Load case title 
 GRAVITY: Keyword used to enable the gravity in the model 
 IGRAV: It activates the gravity 
o 1: The gravity loads is activated 
o 0: The gravity loads are deactivated 
 
 
65 
 GCONS: Gravity constant. Gravity acceleration 
 GVECT_X: X component of the gravity force 
 GVECT_Y: Y component of the gravity force 
 GVECT_Z: Z component of the gravity force 
The variables GVECT_X, GVECT_Y and GVECT_Z define the unitary vector of the 
gravity direction. 
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